A defect in the E,# subunit of the branched chain a-ketoacid dehydrogenase (BCKDH) complex is one cause of maple syrup urine disease (MSUD). In an attempt to elucidate the molecular basis of MSUD, we isolated and characterized a 1.35 kbp cDNA done encoding the entire precursor of the El,@ subunit of BCKDH complex from a human placental cDNA library. Nucleotide sequence analysis revealed that the isolated cDNA clone (XhBElft-1) contained a 5'-untranslated sequence of four nucleotides, the translated sequence of 1,176 nucleotides and the 3'-untranslated sequence of 169 nucleotides. Comparison of the amino acid sequence predicted from the nucleotide sequence of the cDNA insert of the clone with the NH2-terminal amino acid sequence of the purified mature bovine BCKDHEl, subunit showed that the cDNA insert encodes for a 342-amino acid subunit with a Mr = 37,585. The subunit is synthesized as the precursor with a leader sequence of 50 amino acids and is processed at the NH2 terminus. A search for protein homology revealed that the primary structure of human
Introduction
Mammalian branched chain a-ketoacid dehydrogenase (BCKDH)' (EC 1,2,4,4) is a mitochondrial multienzyme complex catalyzing the oxidative decarboxylation of branched 1 . Abbreviations used in this paper: BCKDH, branched chain a-ketoacid dehydrogenase; MSUD, maple syrup urine disease; PDH, pyruvate dehydrogenase.
chain a-ketoacids derived from amino acids such as valine, leucine, and isoleucine (reaction [1] ).
R-COCOOH + CoA-SH + NAD+ -R-CO-S-CoA + CO2 + NADH + H+ (1) The BCKDH complex consists of three catalytic components: branched chain a-ketoacid decarboxylase (EI), dihydrolipoyl transacylase (E2), and dihydrolipoamide dehydrogenase (E3). El is further composed of two subunits, Ela and El,# (1) (2) (3) . El and E2 components are specific to BCKDH. On the other hand, the E3 component is common among the three ketoacid dehydrogenase complexes, BCKDH, pyruvate dehydrogenase (PDH), and a-ketoglutarate dehydrogenase (4, 5) . The BCKDH complex also contains two specific regulatory enzymes, a kinase (6) (7) (8) and a phosphatase (9, 10) , responsible for regulation ofthe catalytic activity through phosphorylation and dephosphorylation.
Ela is the catalytic subunit phosphorylated at two serine residues responsible for regulation of the catalytic activity by covalent modification (11) (12) (13) . The function of E,,B is unknown (5) . E2 catalyzes the transfer of the acyl group from the lipoyl moiety to coenzyme A and forms the structural core of the enzyme complex. To this El, E3, kinase, and phosphatase are bound through noncovalent interactions (1, 10, 14) .
Lack of BCKDH activity leads to maple syrup urine disease (MSUD), an autosomal recessive inborn error of metabolism (4 (15, 16) . The isolation and characterization of cDNAs encoding all or a part of the human BCKDHEIa (17, 18) , BCKDH-E2 component (19) (20) (21) (22) , and E3 component (23, 24) (25) . Approximately 6 X lOs recombinant phage plaques were screened from the human placental cDNA library using the 1.7-kbp cDNA clone (XbE1#-2) as a probe. The insert was labeled with [a-32PI dCTP (3,000 Ci/mmol) using the random primer labeling kit. Prehybridization, hybridization, and washing of nitrocellulose filters were as described (27) . Hybridizing plaques detected by autoradiography were picked up from the mother agar plate. Successive screenings were carried out, using fewer and fewer plaques at each step until well-isolated phage plaques had been cloned.
Restriction endonuclease map and nucleotide sequence analysis. Recombinant phage DNA was prepared as described (28) . Eco RI-excised cDNA inserts were subcloned into plasmid vector pUC18 and characterized by restriction endonuclease mapping. Restriction fragments were subcloned into pUC18 for sequencing. In addition, ordered serial deletions from the 5' --3' end of both strands of the pUC 18 insert were produced with exonuclease III/mung bean nuclease for sequencing (29) . DNA sequencing was performed by the dideoxy chain termination method (30) using an alkali-denatured plasmid as the template (31) .
Protein data base search. Homologous amino acid sequences were sought in the GenBank (Release 59.0)/EMBL (Release 18.0) protein data base on a VAX computor using the Wordsearch program (32) (Version 6.0, April 1989 (25) revealed that the NH2-terminal 50-amino acid residues of the putative precursor protein are missing the mature E l,. BCKDH-E I is a nuclear encoded mitochondrial protein, the precursor of which seems to contain a leader sequence of 50 amino acid residues. Comparison ofthe putative El# leader sequence (negatively numbered amino acid residues in Fig. 2) with those of other mitochondrial proteins revealed a number of common features. The putative El,# leader sequence con- with the NH2 terminus of the mature protein deduced from the purified bovine BCKDH-Ejfl determined by Edman degradation (25) . There is a double underline at the polydenylation signal of the type AATAAT (37).
tains periodically spaced basic amino acids rich in Leu and Arg A protein homology search revealed that the primary and has few acidic residues (only one Asp at residue -7). These structure of human BCKDH-Ei3 is similar to the human findings are compatible with those proposed for the leader PDH-Elfl (40) , in all regions. Fig. 3 depicts the alignment of sequence of mitochondrial targetting enzymes (38, 39 We also analyzed by Southern blots the genomic DNA from MSUD patients and normal controls (Fig. 4) . It seems likely that there are no major deletions or rearrangements of the BCKDH-E I3 gene in these patients.
The cDNA clone of human BCKDH-E,,B should be most useful for examining structural and functional relationships of the BCKDH complex and for elucidating the molecular mechanisms of MSUD. To further examine the structure and regulatory mechanisms of the BCKDH-E1,, gene, we are now cloning genomic DNA for the gene (Mitsubuchi, H., Y. Nobukuni, F. Endo, and I. Matsuda, manuscript in preparation). The BCKDH-E,,B gene is at least 80 kbp long.
